The exact relation between smoking statuses and hypertension in the population with high-normal BP is poorly understood. Objective To investigate the influence of various smoking statuses (active smoking, passive smoking, and non-smoking) on the resting heart rate of the population with high-normal blood pressure.
smoke could be beneficial to control the population with high-normal BP.
Background
Hypertension is a common cardiovascular disease characterized by sustained elevated blood pressure (BP) [1] . Hypertension is one of the main controllable risk factors of cardiovascular events [2] . In recent years, the prevalence of hypertension has been increasing every year. In the United States, 41% of people of 35-70 years of age have hypertension [3] . In China, 36.7% and 56.5% of people aged 45-64 years and ≥ 65 years, respectively, have hypertension [4] .
The need for early prevention of hypertension has achieved a global consensus [2] . In order to emphasize the importance of the primary prevention of hypertension, the concept of pre-hypertension had been proposed in The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC7) in 2003 [2] . The purpose of the pre-hypertension concept aims to screen and prevent hypertension in the population with high-normal BP. Although the concept of prehypertension has not been completely accepted in China, the Chinese guidelines for prevention and treatment of hypertension has also raised the concept of high-normal blood pressure [5] , and the range of high-normal BP is similar to that raised by JNC7 [2] .
It is currently considered that lifestyle changes could be one of the most effective interventions for people with high-normal BP. Smoking is regarded as an adverse lifestyle habit by the World Health Organization (WHO) and it is significantly related to hypertension [6] , but the exact relation between smoking statuses and hypertension in the population with high-normal BP is poorly understood.
Therefore, this study examined the resting hear rate (RHR), blood lipids, blood glucose, and BP of 210 patients with high-normal BP and various smoking statuses in order to investigate the influence of the smoking status on cardiovascular parameters in the population with high-normal BP.
Subjects And Methods

Study design and subjects
This was a cross-sectional study of individuals undergoing physical examination at the First Hospital of Jiaxing, the Fifth Hospital of Yuhang District in Hangzhou, and Zhejiang Hospital between January 2018 and December 2019, and who conformed with the criteria of high-normal BP [5, 2] . The systolic BP (SBP) had to be 120-139 mmHg and/or the diastolic (DBP) had to be 80-89 mmHg. This study was approved by the ethics committee of all three hospitals. The subjects provided a written informed consent.
The inclusion criteria were: 1) individuals confirmed with high-normal BP; 2) no medical history of hypertension; 3) no antihypertensive drugs; and 4) complete dataset. The exclusion criteria were: 1) history of cardiovascular disease; 2) history of thyroid disease; or 3) medical history of malignant tumor.
Methods
A home-made questionnaire was administered and included the smoking status, alcohol history, physical exercise, sleeping time, educational level, personal disease history, family disease history, and history of drug therapy. Non-smoker was defined as never having smoked or not currently smoking and having smoked <100 cigarettes for lifetime (passive smoking was not included). Passive smoker was defined as being exposed to exhaled smoke for at least 15 min per day every week. Smoker was defined as currently smoking. All questionnaires were completed by the subjects and checked by the trained medical personnel.
RHR, height, and weight were measured. The body mass index (BMI) was calculated as weight (kg) divided by squared height (m 2 ). An automatic biochemical analyzer was used to routinely measure the fasting blood glucose (FBG), triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) levels.
After the subjects had rested for about 5 min in a quiet environment, RHR was measured using an electrocardiogram system in order to record the standard 12-lead electrocardiogram in the supine position. The five consecutive ORS waves of II lead were selected and the RR intervals were measured. The mean RR interval was recorded as the RHR. After the subject had rested for about 10 min in a quiet environment, right brachial SBP and DBP were measured using a standard desktop mercury sphygmomanometer. The first Korotkoff's sound was regarded as the SBP, and the fifth Korotkoff's sound was regarded as DBP. The measurements were repeated three times and the mean value was calculated.
Statistical analysis
Continuous variables were presented as the mean ± standard deviation and analyzed using one-way analysis of variance (ANOVA) with the least significant difference (LSD) post-hoc test. Categorical data were presented as frequencies and analyzed using the chisquare test or Fisher's exact test, as appropriate. The potential factors independently associated with RHR were analyzed by multivariate logistic regression analysis. SPSS 17.0 (IBM, Armonk, NY, USA) was used for statistical analyses. Two-sided P-values <0.05 were considered statistically significant.
Results
Characteristics of the subjects
A total of 210 subjects with high-normal BP were enrolled in the present study. The baseline characteristics of the subjects were shown in Table 1 . There were 140 males and 6 three groups according to the smoking status. There were 78 subjects in the non-smoking (47 males and 31 females), 68 subjects in the active smoking group (53 males and 15 females), for a smoking rate of 32.4%, and there were 74 subjects in the passive smoking group (40 males and 24 females). There were no significant differences in age, gender, BMI, alcohol consumption, physical exercise, sleeping time, and family history of hypertension among the three groups.
A total of 210 subjects with high-normal BP were enrolled in the present study. The baseline characteristics of the subjects were shown in Table 1 . There were 140 males and 70 females, aged 55.6±8.5 (range, 45 to 75) years. The subjects were classified into three groups according to the smoking status. There were 78 subjects in the non-smoking (47 males and 31 females), 68 subjects in the active smoking group (53 males and 15 females), for a smoking rate of 32.4%, and there were 74 subjects in the passive smoking group (40 males and 24 females). There were no significant differences in age, gender, BMI, alcohol consumption, physical exercise, sleeping time, and family history of hypertension among the three groups.
Blood lipids
Blood lipids were compared among the smoking status groups. TG, TC, and FBG were significantly higher in the active smoking group than in the two other groups (all P<0.05).
HDL-C levels were lower in the active smoking group than in the two other groups (P<0.05). Compared with the non-smoking group, the TC, HDL-C, and FBG levels of the passive smoking group showed no significant difference (all P>0.05) ( Table 1) .
Blood pressure and heart rate according to smoking status
BP and RHR were compared among the smoking status groups. SBP, DBP, and RHR in the active smoking group were significantly higher than that of the two other groups (all P<0.05). There were no differences in SBP and DBP between the non-smoking and passive smoking groups (all P>0.05), but RHR of the passive smoking group was higher than that of the non-smoking group (P<0.05) ( Table 1) . DBP, TG, TC, HDL-C, and LDL-C were considered as the independent variables. The results showed that in a physical examination population with high-normal BP, active smoking, SBP, HDL-C, and passive smoking were independently associated with increased RHR. Of them, active smoking, passive smoking, and SBP were positively associated with RHR, while HDL-C was negatively associated (Table 2) . 
Discussion
The exact relation between smoking statuses and hypertension in the population with high-normal
BP is poorly understood. Therefore, this study aimed to investigate the influence of various smoking statuses (active smoking, passive smoking, and non-smoking) on the resting heart rate of the population with high-normal blood pressure. Results strongly suggest that RHR was higher in subjects with high-normal BP and in the passive and active smoking groups. Strengthening smoking cessation education and avoiding exposure secondary smoke could be beneficial to control the population with high-normal BP.
China has the largest number of smokers in the world. In 2010, the National Adult Tobacco Survey by the China Disease Prevention and Control Center indicated that the overall smoking rate was 33.5%
in the population aged > 15 years old in China [7, 8] . Of them, the men accounted for 62.8%; in addition, 72.4% of the non-smokers were exposed to secondary smoke [7, 8] . Many studies confirmed that smoking is an important risk factor for hypertension [9] .
In China, the occurrence rate of high-normal BP is relatively higher in adults, which could reach up to 37% [10] [11] [12] . People with high-normal BP are at high-risk to develop hypertension [2] . In clinical practice, the ratio of patients developing hypertension from high-normal BP over a 2-year period could reach 32.5% [13] . In addition, these patients are at high risk of metabolic diseases such as diabetes [14] .
RHR indicates the heart rate in the conscious and resting status. Recently, it has been shown that RHR was closely related to cardiovascular diseases, especially hypertension [15] [16] [17] . Indeed, there is a strong relationship between elevated RHR and incident cardiovascular diseases, both in men and women [17] . In the early stage of primary hypertension, the range of RHR may increase by 10-15% [18] . Increased RHR in hypertensive patients could induce injuries to blood vessels, heart, kidney, and endocrine system [19, 20] . Therefore, increased RHR is not only an independent risk factor for hypertension development from high-normal BP, but also a potential risk factor for cardiovascular events in hypertensive patients. Increased RHR is a strong predictor of death in patients with hypertension [20] .
It has been observed that the nicotine in cigarettes could change the excitability of the cardiac sympathetic and vagus nerves, and further significantly decrease the heart rate variability (HRV) of smokers [21] . Meanwhile, nicotine could also increase heart rate and BP. The results of the present study suggested that SBP, DBP, and RHR of active smokers with high-normal BP were significantly higher than that of passive smokers and non-smokers. The results indicated that both active and passive smokers displayed RHR acceleration. These results could be consistent with the fact that nicotine intake of passive smokers is smaller than that of active smokers.
In addition, this study also found that the blood lipid levels of subjects with pre-hypertension could be influenced by the smoking status. Indeed, LDL-C and TG levels of active and passive smokers were higher than that of non-smokers. A number of studies indicated that the inhaled substances of tobacco combustion could affect lipid metabolism, i.e. stimulate LDL-C synthesis, inhibit HDL-C synthesis, and increase TC and TG [22] [23] [24] . Therefore, long-term smoking could result in the increase of TC, TG, and LDL-C levels, and decline of HDL-C level. In addition, the multivariate analysis showed that HDL-C was negatively and independently associated with RHR. However, the mechanism of RHR influenced by blood lipids still needs to be further studied.
hospitals. Only a limited number of factors were analyzed. Low-grade inflammatory state is wellknown to be associated with smoking [25] and it could be interesting to analyze inflammatory factors in relation to RHR. Finally, as a cross-sectional study, no cause-to-effect relationship could be established.
Conclusion
RHR was higher in subjects with high-normal BP and in the passive and active smoking groups.
Strengthening smoking cessation education and avoiding exposure secondary smoke could be beneficial to control the population with high-normal BP.
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